Background and Purpose-To further improve preventive strategies against stroke, there is a need for epidemiological long-term studies. The study aimed at a prospective investigation of stroke determinants in the general male population. Methods-During a period of 48 years, from 50 to 98 years of age, a population-based sample of 854 men was followed using repeated medical examinations, lifestyle questionnaires, data from hospital records and the National Cause of Death Register. Of all men diagnosed with atrial fibrillation, 88% had a stroke during follow-up. Conclusions-Atrial fibrillation was by far the strongest determinant of stroke during 48 years of follow-up in a male population sample followed until the age of 98 years. The results warrant improved prophylaxis through intense treatment of modifiable determinants.
S
troke is a devastating disease and worldwide it is the second most common cause of death and the third most common cause of disability. 1 To reduce the global burden of stroke, effective prevention is crucial. This prevention is included in the World Health Organization's Global Action Plan for noncommunicable diseases and given priority. 2 However, there is a need for more knowledge about the determinants of ischemic and hemorrhagic stroke.
The large-scale INTERSTROKE case-control study (Global and Regional Effects of Potentially Modifiable Risk Factors Associated With Acute Stroke in 32 Countries) found that 90% of all acute stroke events could be explained by hypertension, regular physical activity, Apo B (apolipoprotein B)/Apo A1 ratio, diet, waist-to-hip ratio, psychosocial factors, current smoking, cardiac causes, alcohol consumption, and diabetes mellitus, regardless of age. 3 There were regional variations and exposure in relation to ischemic and hemorrhagic stroke differed. 3 Other case-control studies showed that selfperceived psychological stress was independently associated with ischemic stroke, 4 whereas hypertension and low physical activity were associated with all strokes. 5 However, in a case-control design, there is a risk of recall and selection biases. Data from prospective population studies with long-term follow-up are, therefore, of particular importance. Several prospective population studies have analyzed determinants of stroke. [6] [7] [8] [9] Based on a meta-analysis, body mass index, systolic blood pressure, diabetes mellitus, coronary heart disease, atrial fibrillation, and smoking were associated with the incidence of stroke. 6 Previous studies have mainly examined exposure at younger ages. 8, 9 However, despite the fact that most stroke patients are elderly, with a mean age of 75 years at stroke onset, 10 knowledge of exposure to stroke at the age of 75 years or above is limited.
Exposure related to stroke events among middle-aged men in Gothenburg from 50 to 67 years of age was previously reported from this cohort. 7 Since there is a need for data on the determination of stroke in the general population during the life span in which stroke incidents are prevalent, these men have now been followed until the age of 98 years; that is, a 48-year follow-up of stroke incidence. Moreover, with such a long follow-up, determinants should be updated as soon as new measurements are obtained. The aim of this study was to investigate exposure related to the first stroke event in a longterm follow-up of The Study of Men Born in 1913.
Methods

Study Population and Ethical Approval
The study population comprises a systematic sample of one-third of the male population living in Gothenburg, Sweden, in 1963 and born in 1913. Details of the population and the sampling process have previously been published. 7, 11, 12 At the baseline examination in 1963, there were 855 men (88% of the population sample), all 50 years of age, who agreed to participate in the study and they were followed with reexaminations in 1967, 1973, 1980, 1988, and 1993 . Informed consent was obtained at each examination, orally during the first examinations, as required at the time, and in writing later on. Research ethics approval was obtained on several occasions, first from the Research Ethics Committees in Gothenburg and Uppsala, Sweden, and later from the Regional Ethics Review Board, Uppsala, Sweden, Number 2011/304. The data that support the findings of this study are available from Dr Hansson (per-olof.hansson@vgregion.se) on reasonable request.
Assessments
The assessments were performed with the same methodology and using the same questionnaires at all 6 examinations from 1963 through 1993. Body weight was measured with a lever balance to the nearest tenth of a kilogram, while body height was measured to the nearest centimeter. Body mass index was measured as weight (kg)/ height (m). 2 Waist circumference was measured with a tape measure at the level of the umbilicus. After an overnight fast, blood samples for serum cholesterol, triglycerides, and blood glucose were drawn from an antecubital vein, with light stasis, and analyzed according to standard laboratory procedures.
One blood pressure Korotkoff phase 1 and 5 reading was made in the right arm, with the participant in the sitting position after a 5-minutes rest with a mercury sphygmomanometer cuff size of 12×23 centimeters. To enable analysis of the effect of various blood pressure levels, systolic and diastolic blood pressures were classified according to the European Society of Hypertension/European Society of Cardiology grading as <120 and <80 mm Hg (optimal), 120 to 129 and 80 to 84 mm Hg (normal), 130 to 139 and 85 to 89 mm Hg (high normal), 140 to 159 and 90 to 99 mm Hg (grade 1 hypertension), 160 to 179 and 100 to 109 mm Hg (grade 2 hypertension), and ≥180 and ≥110 mm Hg (grade 3 hypertension). 13 Mean arterial blood pressure was calculated as diastolic blood pressure +1/3 of the systolic-diastolic blood pressure difference. Relative heart volume was determined from frontal and side view x-rays as the width×depth×height of the heart standardized to 1.73 m 2 body surface area. Smoking habits were measured by a questionnaire and classified as 1, never smoked; 2, ex-smoker since 6 months or more; 3, smokes 1 to 14 g/d, 4, smokes 15 to 24 g/d; and 5, smokes 25 g/d or more. A cigarette was assumed to contain 1 g of tobacco, a cheroot 2 g, and a cigar 5 g. The amount of pipe tobacco smoked was calculated as the standard 50 g pack divided by the number of days it lasted.
Physical activity was measured as activity during leisure time and activity during work. Activity during leisure time was assessed with the 4-grade Saltin Grimby Physical Activity Scale 14 and coded as 1, sedentary; 2, some light physical activity, such as walking, riding a bicycle, and light gardening for at least 4 hours a week; 3, regular moderate physical activity for a minimum of 3 hours a week; and 4, regular intense physical training for competition sports. Activity during work was measured as 1, sedentary; 2, light physical activity; 3, moderate physical activity (manual labor); and 4, intense physical labor, such as construction or harbor work or other physically demanding labor.
Data on self-perceived mental stress during the past 5 years were assessed according to a 6-level ordinal scale, where 1, never experienced stress; 2, one period of stress ever; 3, some periods of stress; 4, several periods of stress; 5, permanent stress during the past year; and 6, permanent stress during the past 5 years. Scores of 5 or 6 were regarded as indicating permanent stress.
Educational level was classified as 1, compulsory school only; 2, vocational education; 3, residential college for adult education; 4, high school education; and 5, college or university education. Score 1 was regarded as low education. Marital status was measured as being married or not. Heritage, based on questionnaire data from 1973, was measured as age at death of mother and father if deceased from stroke or from cardiovascular disease (CVD).
The outcome variable of this study was first stroke event, fatal or nonfatal. Data on hospital admissions were obtained from follow-up data in the study and from the National Hospital Discharge Register, covering all hospital admissions in the country. Mortality data were obtained from the National Cause of Death Register, covering all deaths domestically or abroad among Swedish residents, whether or not they were citizens. Mortality and hospital discharge diagnoses were classified according to the International Classification of Diseases (ICD) codes, ICD-8 until 1986; ICD-9 until 1996, and ICD-10 from 1997 and onwards.
Data on resting heart rate (1 measurement) and on atrial fibrillation were obtained from ECGs taken during the examinations and data on atrial fibrillation were also obtained from the National Hospital Discharge Register or National Cause of Death Register . Data on incident diabetes mellitus were obtained from questionnaires and from the National Hospital Discharge Register or National Cause of Death Register .
Validation of Stroke Diagnoses
For this study, primary end points were total stroke, typed as far as possible as ischemic stroke (ICD-9 434, ICD-10 I63) or hemorrhagic stroke (ICD-9 431, ICD-10 I61), including nonfatal and fatal stroke. Fatal stroke was defined as death within 28 days after a stroke event and without any other obvious cause of death. Specialists in stroke neurology and internal medicine scrutinized the medical records for men with nonspecified stroke and uncertain diagnoses (ICD-9 432, ICD-10 I62; ICD-9 436, ICD-10 I64) to minimize the number of nonspecified strokes. A medical record review was also performed for unspecified ICD codes (ICD-9 433, 437, 438; ICD-10 I67, I69). Moreover, codes for transient ischemic attacks (ICD-9 435, ICD-10 G45) were reviewed to determine whether they might fulfill the criteria for stroke. Remaining transient ischemic attacks and subarachnoid hemorrhages were not included in the study.
Statistical Analysis
The data were analyzed with the Statistical Analysis System (SAS) software, version 9.3 (Cary, NC). Less than 2% of the data used were missing. One man had a first stroke event before baseline and was therefore excluded from the analyses.
The analyses were performed in 2 steps. First, simple differences between groups about potential significant exposure variables were tested with Student t test for continuous variables and the χ 2 test for discrete variables. Analyses of the influence of exposure variables on outcome, in this case first-ever stroke event during follow-up, were then performed with proportional hazards regression analysis. The prerequisite for this type of analysis, proportional stroke morbidity hazards during follow-up, was checked by means of the SAS lifetest procedure and found to be satisfactory. Follow-up time was measured
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as the number of days from baseline. Censoring events were experiencing a first stroke, or death from any cause, or end of follow-up, whichever came first, thereby adjusting for competing outcomes. Separate analyses were performed for ischemic stroke, hemorrhagic stroke, and all strokes. In the proportional hazards regression analyses, first stroke event and the day it occurred were entered as dependent variables and the significant variables from the first analysis step (Table 1) were entered as exposure variables. Since time-dependent repeated measurements of the independent variables were available from the 5 reexaminations performed between baseline and the end of follow-up, a time-dependent update of these variables was performed, using the counting process style of input. According to this type of procedure, the follow-up time is divided into periods; in this case, 30-day periods were chosen. At the start of each period, data to be used in the period were defined. At baseline, no data were missing except waist circumference and physical activity (not measured in 1963 but from 1967 and onwards). The 1967 values for these variables were, therefore, imputed as 1963 data. If data at any follow-up examination were missing, previous nonmissing examination data were retained until new values were available. All data were single measurements; no averaging across time was used.
To avoid data overload, the stepwise inclusion of exposure variables, backward elimination, and forward elimination of nonsignificant exposure variables were used. All 3 methods produced the same results. Wald χ 2 , which is the test parameter, was used to measure exposure variable impact on outcome. Data for the figures were obtained from the analysis model. In the first step of the analyses, where candidate exposure variables were identified, the significance level was set at P<0.10, in order not to miss important exposure variables. In the second analysis step where the main results were obtained, the significance level was set at P<0.05.
Results
Of the 854 men free from stroke at baseline in 1963, 167 (19.6%) had a first stroke of any type during the 48-year follow-up, of which 28 (16.8%) were fatal. Of all strokes, 131 (78.4%) strokes were determined to be ischemic, 21 (12.6%) hemorrhagic, and 15 (9%) strokes were considered nonspecified. The study population was followed for 286 401 personmonths, corresponding to 23 867 person-years. Table 1 displays characteristics based on the time-dependent counting process style of input updating. According to this procedure, men who had an ischemic stroke as compared with men with no stroke had higher systolic and diastolic blood pressure, larger relative heart volume, lower serum triglycerides, higher serum cholesterol and heart rate, lower prevalence of smoking, more frequent low education level, more stress, more frequent diabetes mellitus, atrial fibrillation, and death from CVD among mothers and fathers, as well as more frequent death from stroke among fathers (all P<0.0001).
Men who had a hemorrhagic stroke, as compared with men with no stroke, had higher blood pressure, lower weight, a lower relative heart volume, higher serum triglycerides, serum cholesterol and heart rate, and more frequent low education, as well as experiencing a higher level of stress, a higher incidence of diabetes mellitus, and a lower incidence of atrial fibrillation (all P<0.0001). Moreover, they were more frequently smokers, less frequently married, more physically active during leisure time and more frequently had parents who died of CVD and stroke (all P<0.0001). Table 2 displays the results of proportional hazards regression analyses. About ischemic stroke, the significant exposure variables were the presence of atrial fibrillation, high diastolic blood pressure and mother dead from CVD, low educational level, smoking habit score, and low physical activity during leisure time. The most influential variable was atrial fibrillation with a Wald χ 2 of 89.6, whereas the other variables ranged from 5.9 to 5.8. About hemorrhagic stroke, 2 significant exposure variables emerged, high heart rate and mother died from stroke, with Wald χ 2 of 8.1 and 7.4, respectively.
About total stroke, the presence of atrial fibrillation, high diastolic blood pressure and large waist circumference, smoking habit score, mother's death from CVD, and having diabetes mellitus increased the risk of stroke. High body weight and high educational level reduced the risk of stroke. By far the most influential exposure was atrial fibrillation, with a Wald χ 2 of 77.9, while the other exposure variables ranged from 11.4 to 4.1. Figure 1 displays the cumulative incidence rates of total stroke for each of the 6 grades of diastolic blood pressure according to European Society of Hypertension/European Society of Cardiology. 13 The stroke probability was level up to 100 to109 mm Hg, after which the stroke probability increased almost exponentially (P<0.001). 
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Figure 2 illustrates cumulative all-stroke incidence rates over time in relation to the significant exposure variables. Among men diagnosed with atrial fibrillation, 88% developed stroke during follow-up. On the other hand, men who had any of the 2 protective exposures, a body weight above average (77 kg) and more years of education than compulsory, had a stroke incidence of 33.2% and 31.1%, respectively. The remaining significant exposures gave a stroke incidence of 40.0% to 49.2% during the 48-year follow-up.
Discussion
In this population-based study with 48 years of follow-up, atrial fibrillation, high diastolic blood pressure, a weight of 77 kg or less, low education level, large waist circumference, smoking, mother's death from cerebrovascular disease, and diabetes mellitus were determinants of a firstever stroke in men followed until the age of 98 years. Age was not included in the analysis model, since all subjects were of the same age.
Atrial fibrillation was by far the strongest risk factor for total stroke driven by ischemic stroke. Of those who developed atrial fibrillation, 88% had a stroke during the 48 years of follow-up. Atrial fibrillation has previously been shown to predict stroke in women followed for 32 years 9 and in men younger than in the present study. 15 As seen in Figure 2 , there was no leveling off at higher ages. However, in recent years, the use of oral anticoagulation has increased and, in Sweden, the incidence of ischemic stroke among patients with atrial fibrillation has decreased. 16 As a result, the increased risk of stroke among patients with atrial fibrillation might be lower today.
As in previous studies, hypertension, 3, 5, 9, 17 and smoking were associated with an increased risk of stroke. 3, 6, 9 High education had a protective effect, in line with previous studies. 3, 9 This finding was recently confirmed in a study of 13 948 men and women from 4 US communities followed from 45 to 85 years of age. 18 However, in contrast to a previous study of younger men, 19 high body weight was not significantly related to stroke. In a previous, shorter follow-up of the present study population, a higher waist-to-hip ratio measurement, body mass index and ischemic heart disease, and low body weight were risk factors for ischemic heart disease, as well as stroke. 20 In this report, All-stroke incidence in relation to exposure variables. The figure shows the proportion (%) of subjects exposed to a specific factor that suffered any type of stroke during follow-up. For instance, of those diagnosed with atrial fibrillation, 88.1% had had a stroke after 48 y of follow-up.
body weight as well as waist circumference were introduced as exposures in the analyses. This means that, for a given weight, a large waist circumference increased the probability of stroke in the same way as in the waist-to-hip ratio. The results of this report are thus in line with those of the 13-year follow-up from this study. In the present study, diabetes mellitus exposure was significantly related to stroke incidence, as shown in other studies. 6 Physical activity during leisure time was associated with >30% reduction in the risk of ischemic stroke, in line with previous studies. 21, 22 In the current study, as in the general population of women in Gothenburg, 9 atrial fibrillation, hypertension, and smoking were shared exposures to all types of total stroke. In the study of women, physical inactivity was also a statistically significant determinant of stroke, 9 while it only showed a correlation with ischemic stroke in the present study. In contrast to a previous study, 4 stress was not found to be associated with exposure to stroke, in agreement with the study of women. 9 A recently published network meta-analysis showed a generally linear association between systolic blood pressure levels and cardiovascular risk. 23 In general, systolic blood pressure is regarded as a stronger risk factor for stroke than diastolic blood pressure. However, in the present study, the hazard ratios across diastolic blood pressure were levels up to 89 mm Hg and from then on the curve increased exponentially. Accordingly, the current study does not support the American College of Cardiology and the American Heart Association Guidelines. 24 It instead lends further support to the Guidelines of the European Society of Hypertension and the European Society of Cardiology. 13, 25 Most of the significant types of exposure in this study, such as physical activity level, diastolic blood pressure, waist circumference, and smoking habits, are potentially modifiable through lifestyle changes, with or without medication. Lifestyle improvements, in terms of increased leisure-time exercise, smoking cessation, and reduced cholesterol levels, have been shown in middle-aged men and women from the 1960s. 26, 27 For society and governments, it is a challenge to reduce stroke inequalities referred to educational disparities.
The present study has 5 major strengths. First, using a systematic sample from the general population, this study provides a valid sample of the general male population living in Gothenburg during this period. Second, the participating rate of 88% at baseline was normal at the time, but it currently seems to be exceptionally high. Third, the extremely long follow-up period, 48 to 98 years of age, is unique. Fourth, the typing and validation of the stroke diagnoses was solid, after scrutiny of the medical records, the National Hospital Discharge Register and the National Cause of Death Register. Fifth, during follow-up several conditions may occur which alter the risk of stroke. Moreover, at baseline, none of the men had contracted diabetes mellitus or atrial fibrillation, which explains why time-dependent analyses became crucially important. Since everyone in the population has the same age and sex, corrections for this are not required. The size of the study population may seem small, but, because of the long-term follow-up, resulting in 286 401 person-months of exposure, the statistical power of the study is considerable.
However, there are also limitations, which include the fact that the study population is based on whites and only men. This limits the generalization toward other ethnic groups and women. Another limitation is that we had no access to the participants' medications between the reexaminations. Therefore, blood pressure levels and blood glucose readings, irrespective of treatment, were used in the models.
Furthermore, treatment with different antiarrhythmics, in addition to digitalis, has developed over time. Moreover, during the first half of the follow-up period, the indication for anticoagulants varied and has been questioned at high ages. Nine percent of the stroke events could not be determined as ischemic or hemorrhagic, despite validating the stroke diagnoses by scrutinizing the medical records, as most patients experiencing stroke in the 1960s and 1970s were not investigated with computer tomography and, in some fatal strokes in nursing homes, computer tomography was not applied.
Conclusions
Atrial fibrillation was by far the strongest determinant of stroke during 48 years of follow-up in a male population sample followed until the age of 98 years. The results warrant improved prophylaxis through intense treatment of modifiable determinants.
